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Disclaimer: 

This English translation is produced by machine translation and may contain errors. The JPO, the INPIT, and those who 
drafted this document in the original language are not responsible for the result of the translation. 

Notes: 

1. Untranslatable words are replaced with asterisks (****). 

2. Texts in the figures are not translated and shown as it is. 

Translated: 22:58:33 JST 09/25/2007 
Dictionary: Last updated 09/07/2007 / Priority: 

[Document Name] Description 
[Title of the Invention] SIMOX board 
[Claim(s)] 

[Claim 1] By pouring oxygen ion into a silicon single crystal base board, and giving high 
temperature heat treatment after that When it is the silicon single crystal base board in which 
this silicon single crystal base board has the main surface near a field (001) in the SIMOX 
board which forms an embedding layer of oxides and a surface single-crystal-silicon layer and 
the angle of **** on the surface of main of this board and [001] directions is set to theta, the 
main surface of this substrate is a field (001). 
[Mathematical formula 1] 

0° ^6>^0.5° 

The SIMOX board characterized by being the main surface which inclined by ******. 

[Claim 2] By pouring oxygen ion into a silicon single crystal base board, and giving high 
temperature heat treatment after that When it is the silicon single crystal base board in which 
this silicon single crystal base board has the main surface near a field (001) in the SIMOX 
board which forms an embedding layer of oxides and a surface single-crystal-silicon layer and 
the angle of **** on the surface of main of this board and [001] directions is set to theta, the 
main surface of this substrate is a field (001 ). 
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[Mathematical formula 2] 

The SIMOX board characterized by being the main surface which inclined by ******. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention is embedded near the surface of a silicon substrate, 
allots a layer of oxides, and relates to the silicon-on-insulator board which made the single- 
crystal-silicon layer (it is considered as a silicon-on-insulator (Silicon-On-lnsulator) layer below) 
form on it. Furthermore, it is a silicon-on-insulator board by SIMOX (Separation by IMplanted 
OXygen) technology in detail. 

[0002] 

[Description of the Prior Art] As a silicon-on-insulator board which forms a single-crystal-silicon 
layer on an insulator like a silicon oxide, it pastes together to a SIMOX board and the wafer is 
mainly known. A SIMOX board is a silicon-on-insulator board obtained by carrying out the 
chemical reaction of these oxygen ions and the silicon atom, and making an embedding layer 
of oxides form by the annealing treatment which pours oxygen ion into the inside of a single- 
crystal-silicon board, and is succeedingly performed by the ion implantation of oxygen ion. On 
the other hand, a pasting wafer is a silicon-on-insulator board obtained by pasting up the single 
crystal silicon wafer of two sheets on both sides of a layer of oxides, and thin-film-izing wafer of 
one of the two between two sheets. 

[0003] Among these silicon-on-insulator boards, since the film thickness of a silicon-on- 
insulator layer can control a SIMOX board by the pouring depth of oxygen ion, it has the 
feature that especially the film thickness homogeneity is excellent. In a SIMOX board, a 
thickness of 0.3 micrometer or less can be formed as a silicon-on-insulator layer, and around 

http://dossier2.ipdl. inpitgojp/cgi-bin/tran^ 9/25/2007 



Page 3 of 12 



0.1 micrometer of thickness control is still more possible also for the silicon-on-insulator layer 
of the thickness not more than it good. Especially a 0.1 micrometer or less-thick silicon-on- 
insulator layer is applied to MOS-LSI formation of perfect **** type operation in many cases. In 
that case, since there are the threshold voltage and proportionality relation of MOSFET 
operation of the film thickness of the silicon-on-insulator layer itself, in order to produce the 
device to which the performance was equal with the sufficient yield, the film thickness 
homogeneity of a silicon-on-insulator layer serves as important quality. From the viewpoint, the 
SIMOX board which is excellent in silicon-on-insulator film thickness homogeneity is expected 
as a substrate for next-generation MOSFET. 

[0004] Since the device formation field is electrically insulated with a substrate main part by 
passing the embedding layer of oxides which is an insulator, MOS-LSI produced on the silicon- 
on-insulator board can realize the characteristic which was [ operation / improvement in 
radiation resistance or latch rise tolerance, / low power consumption operation, ultra high- 
speed operation ] excellent. Therefore, it is required for an embedding layer of oxides that 
electric insulation should be more perfect. Specifically, a near thing is required with the 
characteristic which has few leak defects as much as possible that withstand voltage is 
equivalent to a thermal oxidation film. 

[0005] In production of a SIMOX board although pouring of oxygen ion is usually performed on 
single acceleration energy and a type target using the energy of about 200 keV In that case, it 
sets in SIMOX structure where the injection rate of oxygen ion is obtained after high 
temperature heat treatment in either case of two or more [ 1 .5x1018cm-] fields and the field 
where the range of 2.5 to 4.5x1 01 7cm-2 was restricted. It is known well that an embedding 
layer of oxides with good continuation and uniform quality will be obtained (for example, 
S.Nakashima and K.lzumi, J.Materials Research, Vol.8, 523 (1993)). That by which that by 
which the SIMOX board produced using these oxygen ion injection rates was customarily 
produced using the former oxygen ion injection-rate field was produced using the high-dose 
SIMOX board and the latter oxygen ion injection-rate field is called the low DOZU SIMOX 
board. 



[0006] There is the feature in a high-dose SIMOX board and a low DOZU SIMOX board, 
respectively, and it is properly used according to it. Among these, since there are 
comparatively few oxygen ion injection rates, the low DOZU SIMOX board is expected as 
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technology in which the penetration dislocation density of the silicon-on-insulator layer is 
reduced, and low cost-ization can be realized. On the other hand, the low DOZU SIMOX board 
had the problem that the probability which becomes inadequate [ with high generating 
frequency of a leak defect / dielectric strength ] was high, according to an embedding layer of 
oxides being thin. Since the leak defect of an embedding layer of oxides causes the defect of 
the device made on it of operation, it is the fall factor of the device manufacture yield, and 
reduction is desired. 



[0007] As technology which contributes to the improvement in quality of the embedding layer of 
oxides of this low DOZU SIMOX board Internal oxidation in high temperature ([ Internal 
Thermal Oxidation Process and ]) ITOX technology and the technology of using abbreviation 
are suggested below (Nakajima et al., JP,H7-263538,A or S.Nakashima et al., 
J.EIectrochem.Soc, Vol.143, 244). According to ITOX technology, oxide film growth of certain 
quantity arises also in the top interface of an embedding oxide film, and thick film-ization of an 
embedding oxide film is attained at the same time a thermal oxidation film grows up to be the 
substrate surface by the oxidation treatment in high temperature. It is reported that the both 
sides of reduction of a leak defect and an improvement of withstand voltage become possible 
as the result. 



[0008] 



[Problem to be solved by the invention] However, in the above-mentioned ITOX technology, 
since the surface oxide film of the thickness of 10 times or more of the film thickness increment 
in the embedding oxide film grows when it embeds according to the internal oxidation effect 
and increment arises in oxide film thickness, the thickness of a silicon-on-insulator layer will 
become thin inevitably. Therefore, in order to improve the quality of an embedding layer of 
oxides, when it was going to secure the increment of the embedding oxide film by the internal 
oxidation effect, the silicon-on-insulator layer did not obtain a thin kink colander, but restrictions 
had produced it in the silicon-on-insulator layer thickness obtained as a result. Or in the 
SIMOX structure finally acquired, when it was going to secure the predetermined silicon-on- 
insulator layer, it will be necessary to restrict the amount of oxidization on the surface of a 
substrate, and restrictions had arisen naturally also to the improvement-in-quality degree of the 
embedding layer of oxides as a result. 
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[0009] This invention aims at the more nearly quality SIMOX board which solved the technical 
problem described above and reduced the leak defect of the embedding layer of oxides 
providing. 



[0010] 



[Means for solving problem] By this invention's being a silicon single crystal base board which 
has the main surface near a field (001) as a silicon single crystal base board used for 
manufacture of a SIMOX board, and making the angle of gradient of the main surface and field 
(001) into the fixed range While easing the above-mentioned restrictions in former type ITOX 
technology, it is made to decrease about the leak defect of an embedding layer of oxides, and 
offer of a more nearly quality SIMOX board is enabled. Here, the main surface is the surface in 
which silicon-on-insulator structure is formed, and if it is a disc-like wafer used widely now, it 
will refer to the circular wafer surface. Conventionally, this kind of silicon single crystal base 
board is a wafer which uses a field (001) as the main surface, and the about 1-degree 
inclination is permitted in **** on that surface of main, and the [001] directions. 

[001 1] By pouring oxygen ion into a silicon single crystal base board, and giving high 
temperature heat treatment after that in this invention When it is the silicon single crystal base 
board in which this silicon single crystal base board has the main surface near a field (001) in 
the SIMOX board which forms an embedding layer of oxides and a silicon-on-insulator layer 
and the angle of **** on the surface of main of this board and [001] directions is set to theta, 
the main surface of this substrate is a field (001). 

[0012] 

[Mathematical formula 3] 

0° < 0^0.5° 
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[0013] It is characterized by being the main surface which inclined by 



[0014] When it is the silicon single crystal base board in which this silicon single crystal base 
board has the main surface near a field (001) desirably and the angle of **** on the surface of 
main of this board and [001] directions is set to theta, the main surface of this substrate is a 
field (001). 



[0015] 

[Mathematical formula 4] 
0° g0gO.3° 



[0016] It is characterized by being the main surface which inclined by 



****** 



[0017] In this invention, the leak defect of an embedding oxide film can be reduced by 
changing the angle of inclination (it also only being called an inclination) from the field (001) on 
the surface of main of the silicon single crystal base board used for SIMOX board production 
instead of change of heat treatment conditions. Therefore, there are no restrictions about the 
thickness of the silicon-on-insulator layer produced at a former type ITOX processing process 
which a silicon-on-insulator layer is thin-film-ized by neither the surface thermal oxidation film 
growth under oxidization atmosphere heat treatment nor the ITOX effect, and was mentioned 
above according to it. 



[0018] 



[The form of invention implementation] The form of operation of this invention is explained 
hereafter. 
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[0019] After this invention performs oxygen ion pouring to a silicon single crystal base board, it 
is concerned with the silicon single crystal base board which is the start material in the SIMOX 
board produced by giving high temperature heat treatment. Namely, by pouring oxygen ion into 
a silicon single crystal base board, and giving high temperature heat treatment after that When 
it is the silicon single crystal base board in which a silicon single crystal base board has the 
main surface near a field (001) in the SIMOX board which forms an embedding layer of oxides 
and a silicon-on-insulator layer and the angle of **** on the surface of main and [001] 
directions is set to theta, the main surface of this substrate is a field (001). 

[0020] 

[Mathematical formula 5] 

0° ^0^0.5° 



[0021] It is the main surface which inclined by ******. The main surface of this board is a field 
(001) desirably. 

[0022] 

[Mathematical formula 6] 
0° ^0^0.3° 



[0023] It is the main surface which inclined by 
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[0024] What is necessary is just to use the produced silicon single crystal by the general CZ 
method or the general magnetic field impression CZ method, in order to manufacture the 
above semiconductor boards. First, according to the standard crystal raising method, the ingot 
which had the crystal direction of <001> in the training direction is produced. Although there 
are various procedures in the method of processing it from an ingot to a substrate, an example 
is given here. That is, according to the target wafer size, an ingot gives outside grinding and 
obtains the cylindrical crystal block with the notch or orientation flat which shows a crystal 
direction. From this crystal block, a substrate is started using a slicer or a wire saw. Under the 
present circumstances, a block is leaned and the inclination on the surface of main of the 
substrate from a field (001), 

[0025] 



[Mathematical formula 7] 

0° ^0^0.5° 



[0026] or 
[0027] 

[Mathematical formula 8] 
0° £0^0.3° 



[0028] It is made alike. Under the present circumstances, while cutting down the wafer one by 
one from the block, the angle of the block may shift. In that case, it is possible to store the 
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started substrate in above-mentioned within the limits by investigating the range of a gap 
beforehand and setting up within limits which expected the grade of the gap by the inclination 
of a logging start from the above-mentioned range. As compared with the processing accuracy 
of the usual slicer or a wire saw, since it is large enough, the above-mentioned range is such 
simple amendment, and can start almost all substrates enough industrially within the limits of 
the above. The^startedssubstrate-can^e-used^as^semiG^^^^ 
sarfaWacdof<ringT(^ 



[0029] Thus, after performing oxygen ion pouring to the obtained silicon single crystal base 
board, a SIMOX board is produced by giving high temperature heat treatment. Thus, the 
manufactured SIMOX board has few leak defects of an embedding layer of oxides than the 
SIMOX board manufactured using what the usual substrate, i.e., an about 1-degree inclination, 
is allowed, and is not controlling the. inclination strictly. In SIMOX board manufacture, the 
injection rate of oxygen ion by the particle which adheres to the surface at the time of oxygen 
pouring covering oxygen ion of the main factor of leak defective generating of an embedding 
layer of oxides is insufficient, the field where an injection rate is insufficient does not 
necessarily become a leak defect altogether - the size and oxygen concentration, and heat 
treatment conditions -- it changes. For example, the ratio to the surface particle density which 
adhered to the surface into the rate of incidence of a leak defect, i.e., pouring of leak defective 
density, can be decreased by ITOX processing. However, if ITOX processing is performed, as 
mentioned above, restrictions will arise in the thickness of a surface silicon layer. Then, in 
order to remove these restrictions, when this invention persons added examination 
wholeheartedly, the rate of incidence of the leak defect found out that it was the function of the 
inclination on the surface of main under the same heat treatment conditions. That is, it is 
possible to reduce a leak defective rate of incidence by making an inclination small. 
Furthermore, if it explains in full detail, to lower from the conventional leak defective rate of 
incidence in heat treatment without ITOX, it is required for an inclination to be 0.5 degree or 
less. When ITOX processing is added, it is possible to acquire a low leak defective rate of 
incidence because it shall become clear that the tendency for a leak defective rate of incidence 
to change rapidly is near 0.3 degree and an inclination shall be 0.3 degree or less. 
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[Working example] The example of this invention is explained hereafter. 

[0031] (001) The silicon wafer which controlled the inclination of the substrate main surface 
from a field in 0 degree - 1 degree at **0.02 degree respectively, The silicon wafer which 
permitted the about 1 -degree inclination usually used as a comparative example was 
prepared, and oxygen ion pouring was performed in the substrate temperature of 550 degrees 
C, accelerating voltage 180keV, and pouring dose amount [ of 4x1017cm ]-2. Next, these 
wafers were thrown into the furnace for heat treating, and high temperature heat treatment was 
performed on the following two conditions. 

[0032] Conditions A: The temperature of 1350 degrees C, atmosphere Argon +0.5% oxygen, 
the processing time 4-hour conditions B : Temperature of 1350 degrees C, Atmosphere It 
continues in oxygen and processing time 4 hours argon +0.5%, and they are the temperature 
of 1350 degrees C, and atmosphere. [ oxygen and the SIMOX board produced for processing 
time 3 hours ] argon +70% After removing a surface layer of oxides by fluoric acid, the 
thickness of the surface silicon layer and the embedding layer of oxides was measured using 
the spectral ellipsometry. As a result, there was no big difference between each sample, and 
they were thickness =340nm of a condition A:surface silicon layer, thickness =175nm of an 
embedding layer-of-oxides thickness =85nm condition B:surface silicon layer, and embedding 
layer-of-oxides thickness =105nm by heat treatment conditions. 

[0033] Then, the ****** method estimated the leak defect in the embedding layer of oxides of 
each sample. The sample was dipped so that only the substrate surface might contact the 
plating liquid containing copper ion, it contacted the substrate back to the electric negative 
pole, and has arranged the electric anode in plating liquid. Then, between two electrodes, by 
impressing the about [ 10V ] low voltage which is not destroyed, the embedding layer of oxides 
itself made the substrate surface right above the portion which has a leak defect in an 
embedding layer of oxides generate a copper deposited material, it was embedded by carrying 
out calculation of the number, and evaluated the leak defective density in a layer of oxides. 
The obtained leak defective density was converted into the leak defective generating ratio by ** 
(ing) by the surface foreign substance density generated during oxygen ion pouring. Surface 
foreign substance density was measured with the ten call INSU vine face company surfboard 
scan 6420 surface foreign substance meter. 
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[0034] The result in the SIMOX board produced according to Conditions A and B is shown in 
drawing 1. [ the angle of gradient from the main surface and the field (001) of a silicon single 
crystal base board / specifying at 0.5 degree or less ] like this invention It is being able to make 
it smaller than the minimum leak defective rate of incidence (Conditions A are 0.51 and 
Conditions B are 0.19) of a comparative example, and specifying at 0.3 degree or less. 
Although change of twenty percent of plus is expected, since it can avoid exceeding the 
minimum leak defective rate of incidence of a comparative example, the leak defective 
reduction effect is clear. Furthermore, change of leak defective density which is looked at by 
the comparative example which is the conventional technology also decreases, and 
improvement in the yield is also achieved by limiting the range of an inclination. 

[0035] Moreover, it is easily possible by performing oxidation treatment, such as ITOX 
processing or sacrifice oxidation treatment, etching processing using a medical fluid, etc. 
succeedingly to thin-film-ize a surface silicon layer further. 

[0036] 

[Effect of the Invention] [ this invention ] by specifying the angle of gradient from the main 
surface and the field (001) of a silicon single crystal base board in a SIMOX board as stated 
above Also in the same heat treatment conditions or the same film thickness structure, it 
makes it possible to reduce the leak defect of an embedding oxide film, and a SIMOX board 
with the good characteristic is offered in the range of larger surface silicon layer thickness 
compared with the SIMOX board manufactured using ITOX processing. 

[Brief Description of the Drawings] 

[Drawing 1] Graph which embeds with the angle theta between **** on the surface of main of a 
SIMOX board, and [001] directions, and shows the relation of the leak defective rate of 
incidence of an oxide film. 
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[Translation done.] 
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